We determined the effects of a green tea extract with 36% alcohol on the blood alcohol content, oxidative stress, lipogenesis, inflammation and liver function of female Wistar rats. Tea alcohol significantly decreased the O 2 À , H 2 O 2 and HOCl amounts via catechins and not caffeine. Thirty days of alcohol gavage improved the level of reactive oxygen species (ROS) in the liver, bile and blood, increased the 4-hydroxynonenal-protein adducts, Kupffer cell infiltration and lipid accumulation in the liver, and elevated the plasma alanine aminotransferase level. A western blot analysis showed reduced expression of the oxidative enzymes (CYP2E1 and NADPH oxidase p47phox protein) and lipogenic enzymes (SREBP-1c and fatty acid synthase) in the alcohol-treated liver. Tea alcohol significantly attenuated these elevated parameters. We conclude that the green tea extract in alcohol efficiently reduced the amounts of O 2 À , H 2 O 2 and HOCl primarily due to the catechin content, and not caffeine. The developed tea liquor attenuated alcohol-induced oxidative injury and lipogenesis in the liver by the synergetic action of catechins and caffeine.
We determined the effects of a green tea extract with 36% alcohol on the blood alcohol content, oxidative stress, lipogenesis, inflammation and liver function of female Wistar rats. Tea alcohol significantly decreased the O 2 À , H 2 O 2 and HOCl amounts via catechins and not caffeine. Thirty days of alcohol gavage improved the level of reactive oxygen species (ROS) in the liver, bile and blood, increased the 4-hydroxynonenal-protein adducts, Kupffer cell infiltration and lipid accumulation in the liver, and elevated the plasma alanine aminotransferase level. A western blot analysis showed reduced expression of the oxidative enzymes (CYP2E1 and NADPH oxidase p47phox protein) and lipogenic enzymes (SREBP-1c and fatty acid synthase) in the alcohol-treated liver. Tea alcohol significantly attenuated these elevated parameters. We conclude that the green tea extract in alcohol efficiently reduced the amounts of O 2 À , H 2 O 2 and HOCl primarily due to the catechin content, and not caffeine. The developed tea liquor attenuated alcohol-induced oxidative injury and lipogenesis in the liver by the synergetic action of catechins and caffeine.
Key words: alcohol; catechin; caffeine; oxidative stress; lipogenesis Alcohol abuse and long-term alcohol binges increased the occurrence of such alcoholic liver diseases as alcoholic fatty liver and alcohol hepatitis. [1] [2] [3] [4] Alcoholic fatty liver is the early pathological stage of alcoholic liver diseases which are regulated by sterol regulatory element-binding proteins (SREBP) containing SREBP1a, SREBP-1c and SREBP-2. [4] [5] [6] SREBP-1c regulated fatty acid synthesis, whereas SREBP-2 regulated cholesterol synthesis in the liver. 6) Overexpression of SREBP-1a and SREBP-1c increased the cholesteryl esters, triglyceride accumulation and fatty acid synthesis in transgenic mice leading to fatty liver. 6) Fatty acid synthase (FAS) is another key enzyme for lipogenesis. 7) Alcohol-induced liver inflammation is possibly ascribable to the exacerbated production of reactive oxygen species (ROS) which may originate from dysregulation in the electron transport chain of mitochondria, peroxidase activity/expression and cytochrome P-450-related systems. [8] [9] [10] Increased ROS and oxidative stress by alcohol abuse may result in hepatic inflammation and oxidative injury by several mechanisms. Alcohol feeding has increased oxygen availability in the liver lobules, leading to hepatic hypoxia and greater O 2 À and H 2 O 2 production in the increased number of hepatic microsomes. 11, 12) The upregulation of cytochrome P450 2E1 (CYP2E1) in hepatocytes and of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase p47phox protein expression in Kupffer cells by long-term alcohol consumption have been suggested to be responsible for the enhanced oxidative stress and inflammatory responses leading to alcoholic liver injury. [13] [14] [15] [16] [17] [18] [19] [20] Green tea is widely used as a traditional Chinese medicine, functional beverage and dietary supplement. 21) Green tea can scavenge the hydroxyl radical and HOCl activity by its efficient ingredients, vitamins and catechins. 22, 23) Catechins containing (þ)-catechin (C), (À)-epicatechin (EC), (þ)-gallocatechin (GC), (À)-epigallocatechin (EGC), (À)-epicatechin gallate (ECG), and (À)-epigallocatechin gallate (EGCG) are effective for scavenging several ROS in vitro and in vivo, and are supposed to be better than vitamins A, E and C in their anti-oxidative and anti-inflammatory capability. [24] [25] [26] [27] [28] Green tea inhibited lipid peroxidation by epicatechin-3-O-gallate, epigallocatechin-3-O-gallate and gallocatechin-3-O-gallate. [29] [30] [31] [32] Supplementary catechins significantly protected against inflamed liver injury by depressing ROS-enhanced pro-inflammatory NF-B and activator protein-1 activity and apoptotic cell death. 26, 29) Supplementation with a green tea extract has also been beneficial for anti-lipogenesis by inhibiting the activity of several lipogenic enzymes and their expression in hepatic and adipose tissue. 30, 31) The effect of traditional herbal formulae (Zhong Yao) against experimental hypercholesterolemia has also been discussed for a herbal formulation of green tea and five other kinds of herbs. 32) Caffeine, another important ingredient present in a tea extract, ameliorated alcohol-induced liver dysfunction, steatosis and inflammation. 33) The peak plasma catechin concentration increased within 30-60 min and then gradually decayed within 4 h after y These authors contributed equally to this work.
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ctchien@ntuh.gov.tw; Boon-Hua LOW, Tel: +886-4-26625111 ext 2189; E-mail: lowboonhua@yahoo.com ingesting a green tea extract. 27) This response was similar to the blood alcohol level after alcohol ingestion. We hypothesized that green tea alcohol could directly and simultaneously depress alcohol-induced oxidative stress by its antioxidative activity on the alcohol itself, or toward the plasma when the extract was administered at a sufficiently high level. The application of a green tea extract directly to liquor has not previously been evaluated. We also suggest that a green tea extract in alcohol may exert its antioxidative capability to alleviate long-term alcohol abuse-induced hepatic inflammation, oxidative injury and lipogenesis. We prepared tea alcohol in the present study by directly dissolving green tea in distilled alcohol, and then analyzed the concentrations of catechins and caffeine in the tea liquor by high-performance liquid chromatography-mass spectrometry. We evaluated the antioxidative activity ascribable to tea alcohol, catechin alcohol and caffeine alcohol. We determined the effect and mechanism for long-term gavage of the tea liquor and 36% alcohol on the alcohol absorption, oxidative stress, lipid accumulation, inflammation and liver function of the rats. The effects of a purified catechin alcohol and caffeine alcohol on hepatic oxidative stress were also evaluated.
Materials and Methods
Measurement of catechins and caffeine in the tea extract by highperformance liquid chromatography-mass spectrometry (HPLC-MS). The tea alcohol (Hu-Yi Winery Co., Ltd., Letzer Industrial Park, Yilan County, Taiwan) was made by using 1200 g of partially fermented green tea leaves dissolved in 15 liter of 42% distilled alcohol for 24 h at 25 C. The tea alcohol finally contained approximately 36% ethanol by volume. We evaluated in the first part of study the catechin and caffeine concentrations in the tea alcohol. We measured the catechin concentration of (þ)-catechin (C), (À)-epicatechin (EC), (À)-gallocatechin (GC), (À)-epigallocatechin (EGC), (À)-catechin gallate (CG), (À)-epicatechin gallate (ECG) and (À)-epigallocatechin gallate (EGCG), and the caffeine concentration in the tea liquor by highperformance liquid chromatography-mass spectrometry (HPLC-MS). The respective chemical structures of these eight components are indicated in Fig. 1 .
An Agilent 1100 instrument with vacuum degasser, binary pump, autosampler, and thermostatic column holder was used. LC separation was performed in a Zorbax 300SB-C18 column (3.5 mm, 1:0 Â 150 mm). The temperature of the column oven was 35 C, the injection volume was 1 mL, and the eluent flow-rate was 0.08 mL/min. The gradient conditions were initially 90% A (aqueous phase with distilled water produced by Mill-Q, 18.2 M)-5% B (acetonitrile)-5% C (methanol) which was changed linearly to 76% A-12% B-12% C in 16 min. The column was washed for 1 min with acetonitrile after gradient elution and then equilibrated for 5 min under the initial conditions, leading to a total time of 25 min for each analysis. All HPLC-MS experiments were performed with an Esquire 3000þ mass spectrometer (Bruker Daltonik, Bremen, Germany) equipped with a positive spray ionization source in the full-scan mode over an m=z range of 100-600. Nitrogen was used as the drying gas at a flow-rate of 8 L/min, and the dry air temperature was 310 C at 20 psi pressure. Eight concentration levels of standards were prepared to obtain calibration curves for the HPLC-MS method with ESI and the eluent system. We used C, CG, EC, GC, EGC, ECG, EGCG, and caffeine (Sigma) as the standards. Standard solutions were prepared in 6% methanol containing 400 ng/mL of an internal standard and the concentration levels prepared for each were 0.5, 2, 5, 20, 50, 200, 500 and 2000 ng/mL. The calibration curves were constructed by plotting the response of a standard compound relative to the response of the internal standard (measured in triplicate for each concentration level) against the concentration of the standard compound. The supernatant was filtered after 0.45 mm and was analyzed by HPLC-MS. Our analysis showed that the tea liquor contained eight components: C, CG, EC, GC, EGC, ECG, EGCG, and caffeine. The catechin and caffeine concentrations in the tea liquor by HPLC-MS are indicated in Table 1 . Each catechin or caffeine concentration was calculated from the area under the curve (AUC) when compared to the respective internal standard AUC of C, CG, EC, GC, EGC, ECG, EGCG and caffeine. We prepared purified catechin alcohol in this study containing C (10 mg), EC (52 mg), GC (50 mg), EGC (180 mg), ECG (60 mg) and EGCG (338 mg) in 1 mL of 36% alcohol, and purified caffeine (200 mg) in 1 mL of 36% alcohol for examining the in vitro and in vivo effects.
Animals and experimental design. A voluntary feeding model for alcoholic liver diseases found in female rats has demonstrated greater severity of alcohol-induced liver injury than in males, 34) so female rats were used in the present study. Forty-three female Wistar rats (200-250 g) were housed at the Experimental Animal Center of National Taiwan University, with a temperature-and humidity-regulated environment (22 AE 2 C, 55 AE 5% RH) and a consistent light cycle (light from 7:00 to 18:00 o'clock). A standard powdered diet containing 58% of carbohydrates, 28.5% of proteins and 13.5% of fat (Laboratory Rodent diet 5001, Young Li Trading Company, Sijhih City, New Taipei City, Taiwan) and tap water were provided ad libitum. The body weight and general condition of each animal was monitored once weekly, and the food intake was determined daily. All surgical and experimental procedures were approved by Institutional Animal Care and Use Committee of National Taiwan University College of Medicine and College of Public Health and are in accordance with the guidelines of the National Science Council of Republic of China (NSC 1997).
We evaluated the effect of an intravenous administration of saline (n ¼ 3), 36% alcohol (n ¼ 3), green tea alcohol (n ¼ 3), catechin alcohol (n ¼ 3) and caffeine alcohol (n ¼ 3) on liver ROS by a model demonstrated by Bautista et al. 35) We first bolus injected an alcohol sample within 5 min (0.25 mL/250 g of body weight) followed by a continuous infusion (0.12 mL/250 g of body weight per hour) for 6 h. Liver ROS was determined throughout the experiment.
In contrast to the well-developed liquid ethanol diet, 15) we used repeated 36% (v/v) ethanol ingestion by the gavage technique for 30 d to induce alcoholic liver. Our prepared tea alcohol with the green tea extract in 36% ethanol well preserved its unique flavor and taste and retained a high concentration of catechins and caffeine. We therefore selected 36% ethanol as a reference control and simulated a human with repeated binge alcohol in the rat model. A similar animal model with 40% ethanol gavage (Johnnie Walker Ò Red Label whisky) to induce liver injury has been previously reported. 36) We divided the animals into three groups (n ¼ 6 each): a control group with water ingestion (20 mL/kg of body weight/d by gavage), 36% alcohol ingestion group (20 mL/kg of body weight/d by gavage), and 36% alcohol containing green tea group (20 mL/kg of body weight/d by gavage). The rats with 12 h of fasting were anesthetized with subcutaneous urethane (1.2 g/kg, Sigma, St. Louis, MO, USA) after 30 d of treatment. A tracheotomy was performed, and the femoral artery, femoral venin and bile duct were catheterized with PE50 tubing. 36) We measured liver ROS and sampled the blood and bile for ROS measurement. The animals were sacrificed with intravenous KCl at the end of each experiment, and the bile, plasma, and liver were stored at À70 C until needed for further analyses. Blood samples were obtained from the left femoral artery before alcohol gavage and 60 min after alcohol gavage under urethane anesthesia for some rats (n ¼ 3 for tea alcohol and n ¼ 3 for alcohol gavage). The blood samples were preserved in EDTA vials for a blood alcohol concentration analysis. A 200-mL blood sample was placed in a vial with 0.08 g/dL of N-propanol in NaCl as an internal standard to facilitate the collection of volatiles in the headspace area. An aliquot of the headspace gas (1000 mL) was injected into an isothermal gas chromatograph for detection, identification, and quantification. The gas chromatograph used in this study was an Agilent 6850 with an INNOWax Agilent column (cross-linked PEG, part number 1909IN-231), 15 m Â 0:25 mm Â 0:5 mm, using a column temperature of 75 C, injector temperature of 250 C, detector temperature of 300 C, and monitoring at a flow rate of 1 mL/min. The gas chromatograph was calibrated against a Cerilliant multi-component alcohol control standard as a negative control, and during the run by a stock internal standard of N-propanol.
In vivo and in vitro chemiluminescence recording for ROS activity. The ROS generated in response to acute intravenous alcohol administration for 30 d of alcohol-induced liver injury was measured from the liver surface, bile, and whole blood by a modified chemiluminescence detection method as previously described. 37) Briefly, the in vivo ROS response was directly measured from the liver surface by intravenous infusion of the superoxide anion probe, 2-methyl-6-(4-methoxyphenyl)-3,7-dihydroimidazo-[1,2-a]-pyrazin-3-one-hydrochloride (MCLA; 0.2 mg/mL/h, TCI-Ace, Tokyo Kasei Kogyo Co., Tokyo, Japan), using a CLD-110 chemiluminescence analyzing system (Tohoku Electronic Industry Co., Sendai, Japan).
37) The real-time displayed chemiluminescence signal was indicated as the ROS level from the liver surface.
Blood and bile ROS was measured by the lucigenin-amplified method as previously described. 28, 37) In brief, a 0.2-mL blood or bile sample was mixed with 0.5 mL of 0.1 mmol/L of lucigenin for O 2 À measurement and analyzed by the CLD-110 chemiluminescence analyzing system (Tohoku Electronic Industry Co., Sendai, Japan). Each assay was performed six times, and results are expressed as the chemiluminescence count per 10 s.
We evaluated the inhibitory effect of an alcohol sample on the O 2 À , H 2 O 2 and HOCl activity in vitro to compare the antioxidative potential between 36% alcohol, tea alcohol, and 36% alcohol with purified catechins (690 mg/mL) as just described and 36% alcohol with purified caffeine (200 mg/mL) indicated in Table 1 . We evaluated the O 2 À activity induced by 0.2 mL of an alcohol sample in 0.1 mL of xanthine (100 mM final concentration) plus 0.1 mL of xanthine oxidase (2.5 mU/mL final concentration) in 0.5 mL of 0.1 mmol/L of a lucigenin solution. We also evaluated 0.2 mL of an alcohol sample in 0.1 mL of 0.003% H 2 O 2 in 0.2 mmol/L of a luminol solution, as well as 0.2 mL of an alcohol sample in 0.1 mL of 0.003% HOCl in a 0.2 mmol/L of a luminol solution. All O 2 À , H 2 O 2 and HOCl activity was detected by the CLD-110 chemiluminescence analyzing system.
Immunocytochemistry for lipid accumulation, oxidative stress and ED-1 infiltration. The value for lipid accumulation/total section area was evaluated by hematoxylin and eosin staining and counted by Adobe Photoshop 7.0.1 image software.
We used the anti-4-hydroxy-2-nonenal (4-HNE) antiserum (Alpha Diagnostic International, San Antonio, TX, USA) to determine the presence and extent of oxidative stress in the alcoholic fatty liver. Tissue sections (5 mm) of the liver were prepared, deparaffinized, and stained by the 4-HNE-avidin-biotin-complex method. Twenty highpower (Â400) fields were randomly selected for each liver section, and the value for 4-HNE-positive cells/(4-HNE cells and methyl green stained cells) was counted.
The tissue sections were incubated overnight at 4 C with a mouse anti-rat antibody to ED-1 (CD68, 1:200, Serotec, Sydney, NSW, Australia) for hepatic Kupffer cell (ED-1) staining. A biotinylated secondary antibody (Dako, Botany, NSW, Australia) was then applied and followed by streptavidin conjugated to horseradish peroxidase (Dako). The chromogen used was Dako liquid diaminobenzene. Twenty high-power (Â200) fields were randomly selected for each liver section, and the value for ED-1-positive cells was counted.
Biochemical analysis. The plasma alanine aminotransferase (ALT) level was determined with a commercially available analytical kit (Sigma, St. Louis, MO, USA). The hepatic lipid content was extracted from frozen liver tissue (30 mg) by homogenizing in 1 mL of 2:1 chloroform: methanol, before shaking overnight at room temperature and centrifuging at 3000 rpm for 10 min. Aliquots (400 mL) of the organic-extract lipid suspension were used for measuring the total lipid content and triglyceride concentration with a TG kit (Sysmex, Japan). 30, 31) Western blot analysis. We measured the expression of CYP2E1, NADPH oxidase, sterol regulatory element binding protein-1c (SREBP-1c) and fatty acid synthase (FAS) in total protein from the liver that had been subjected to alcohol or catechin alcohol feeding. The protein concentration was determined by a protein assay kit (BioRad Laboratories, Hercules, CA, USA), 10 mg of protein being electrophoresed as described next. The method for measuring the expression of CYP2E1, NADPH oxidase, sterol regulatory element binding protein-1c (SREBP-1c) and fatty acid synthase (FAS) in a liver homogenate was evaluated by western immunoblotting and densitometry as previously described. 28, 37) Briefly, the total proteins were homogenized by a pre-chilled mortar and pestle in an extraction buffer consisting of 10 mM Tris-HCl (pH 7.6), 140 mM NaCl, 1 mM phenylmethyl sulfonyl fluoride, 1% Nonidet P-40, 0.5% deoxycholate, 2% -mercaptoethanol, 10 mg/mL of pepstatin A, and 10 mg/mL of aprotinin. The mixture was completely homogenized by vortexing and kept at 4 C for 30 min. The resulting homogenate was centrifuged at 12;000 g for 12 min at 4 C, the supernatant was collected, and the protein concentration was determined by the protein assay kit (BioRad Laboratories).
Antibodies raised against rat SREBP-1c (Santa Cruz Biotechnology, Santa Cruz, CA, USA), mouse FAS (fatty acid synthase; BD Transduction Laboratories, Mississauga, Canada), cytochrome P450 CYP2E1 (Chemicon International, Temecular, CA, USA), NADPH oxidase (p47phox; Santa Cruz), and -actin (Sigma, St. Louis, MO, USA) were used. Proteins on SDS-PAGE gel were transferred to a nitrocellulose filter and stained as previously described. 28, 37) The density of a band with the appropriate molecular mass was determined semi-quantitatively by densitometry, using an image analyzing system (Alpha Innotech, San Leandro, CA, USA).
Statistical analyses. Each value is expressed as the mean AE standard error mean (SEM). Differences within groups were evaluated by a paired t-test, a one-way analysis of variance was used for establishing differences among groups, and intergroup comparisons were made by Duncan's multiple-range test. Differences are regarded as significant if p < 0:05 was attained.
Results

Concentration of catechins and caffeine in the tea alcohol by HPLC-MS
We identified eight peaks of C, EC, GC, EGC, CG, ECG, EGCG, and caffeine by HPLC-MS in the green tea alcohol as shown in Fig. 2 . The retention time and concentrations of the catechins and caffeine are clearly indicated in Table 1 . These data demonstrate the high concentrations of catechins and caffeine present in our prepared green tea alcohol.
Antioxidative activity of the tea alcohol in vitro
The antioxidative effects of the green tea alcohol, catechin alcohol, caffeine alcohol and 36% alcohol on the O 2 À , H 2 O 2 , and HOCl activity are demonstrated in Fig. 3A . The green tea alcohol and catechin alcohol significantly (p < 0:05) depressed three types of ROS to a similar level when compared to 36% alcohol. The caffeine alcohol mildly and partly reduced the O 2 À and H 2 O 2 , but not HOCl activity. These data implicate the primary antioxidative ingredient in the tea alcohol as catechins, not caffeine. The effects on liver ROS of intravenous administration of saline, alcohol, tea alcohol, alcohol with purified catechins and caffeine are shown in Fig. 3B . Acute intravenous alcohol significantly increased liver ROS when compared to the saline treatment. Green tea alcohol, catechin alcohol and caffeine alcohol could depress alcohol-induced liver ROS, indicating the antioxidative activity of both catechins and caffeine in vivo.
Effect of tea alcohol on the ROS level and liver function in vivo
The blood alcohol concentration after 60 min of 36% alcohol gavage was elevated from 2:6 AE 0:3 mg/dL to 226 AE 5 mg/dL. The blood alcohol content after tea alcohol gavage was increased from 2:2 AE 0:3 mg/dL to 231 AE 6 mg/dL. There was thus no difference in alcohol adsorption between the 36% alcohol and tea alcohol treatment. Figure 4 shows the baseline data for body weight gain (Fig. 4A) , liver weight/100 g of body weight (Fig. 4B) , food intake (Fig. 4C) , total fluid intake (Fig. 4D) , liver triglyceride content (Fig. 4E ) and plasma triglyceride content (Fig. 4J) in the three groups. Thirty days of 36% alcohol feeding significantly increased the liver weight, and liver and plasma triglyceride levels, and decreased the food intake compared with the control diet group. Green tea alcohol depressed the increased levels of liver weight and liver and plasma triglyceride content. The total fluid intake from water and alcohol ingestion was almost constant among the three groups. The effects of 30-d tea alcohol gavage on the ROS levels in the liver A B and bile, and blood ROS and serum ALT are indicated in Fig. 4 . We found that 30 d of 36% alcohol gavage significantly (p < 0:05) elevated the liver (Fig. 4F) , bile ( Fig. 4G ) and blood ROS (Fig. 4H ) levels associated with the increased ALT level (Fig. 4I) . Thirty d of green tea alcohol significantly depressed the oxidative stress and ALT level in the animals in comparison with 36% alcohol alone.
Effect of tea alcohol on lipogenesis, oxidative stress and inflammation in vivo
We examined the effect on the lipid accumulation in the rat liver of 36% ethanol and tea alcohol by hematoxylin and eosin staining (Fig. 5A-C) , and on Kupffer cell infiltration by brown ED-1 staining indicated by arrows (Fig. 5D-F ) and 4-HNE staining (Fig. 5G-I ) indicated by the brown stain. Thirty d of 36% ethanol ingestion resulted in a marked increase in the lipid accumulation (Fig. 5B ) and lipid content (Fig. 5M) , Kupffer cell infiltration number (Fig. 5E,   N ) and 4-HNE staining (Fig. 5H) to demonstrate the percentage accumulation (Fig. 5O) in the rat liver, but there was less enhancement of the lipid accumulation (Fig. 5C ), Kupffer cell infiltration (Fig. 5F ) and 4-HNE accumulation (Fig. 5I) in the liver treated with tea alcohol. There was very little lipid accumulation (Fig. 5A ), less Kupffer cell infiltration (Fig. 5D ) and less 4-HNE staining (Fig. 5G ) apparent in the control liver. The extent of oxidative injury induced by ethanol gavage was further assessed by the appearance of 4-HNE adduct formation in the liver. We found that 4-HNE adducts appeared in the centrilobular and mid zonal regions of the liver lobules. We also found that 4-HNE staining was highly expressed in zone 3 between the hepatic triad and the central vein. The location of 4-HNE adduction was further identified under higher magnification (Â400), and Kupffer cells and hepatocytes were co-localized in proximity to the 4-HNE staining (Fig. 5K) . Intense 4-HNE staining was also clear in the areas surrounding several microvesicular and macrovesicular lipid droplets. A decrease in 4-HNE staining, Kupffer cell infiltration and lipid droplets is implicated in Fig. 5L .
Effect of tea alcohol on lipogenesis-and oxidative stress-mediated proteins
The responses of SREBP-1c, FAS, CYP2E1 and NADPH oxidase protein expression to 36% alcohol and tea alcohol are compared in Fig. 6 . We observed that two proteins, SREBP-1c and FAS, for lipogenesis were significantly upregulated in the 36% alcohol-treated group (Fig. 6A ). This upregulation of the SREBP-1c and FAS proteins was less in the tea alcohol-treated group. Two oxidative stress-related proteins, CYP2E1 and NADPH oxidase p47phox, were significantly enhanced after 30 d of 36% alcohol ingestion (Fig. 6B) , while tea alcohol significantly depressed this enhancement of CYP2E1 and NADPH oxidase p47phox.
Discussion
Alcoholic liver injury is characterized by alcoholic metabolite-induced oxidative stress 17, 20) and lipogenesis. [4] [5] [6] Previous studies have implicated that catechins 24, 25, 31, 33) or caffeine 33) supplementation reduced inflammation, oxidative stress and lipogenesis in the alcoholic liver. We therefore investigated that notion that adding a green tea extract containing catechins and caffeine to alcohol could effectively reduce chronic alcohol-induced oxidative stress, inflammation and lipogenesis in the liver. Our data indicate that the catechin and caffeine ingredients from green tea leaves significantly attenuated long-term alcohol ingestion-induced oxidative stress, lipid accumulation, lipogenesis and inflammation in the rat liver. The protective mechanism evoked by the green tea extract may have resulted in the depressed CYP2E1 and NADPH oxidase p41phox expression to reduce oxidative stress and in the decreased FAS and SREBP-1c protein expression to inhibit lipogenesis in the alcoholic liver.
We produced in this study a 36% alcohol beverage containing high levels of catechins and caffeine from a green tea extract. Application of the HPLC method clearly indicated seven components of catechins and A, TE and catechins in 36% alcohol show effective O 2 À , H 2 O 2 , and HOCl scavenging activity when compared to 36% ethanol with caffeine (n ¼ 6 each). B, Effects of intravenous saline, 36% alcohol and alcohol containing the green tea extract, catechins and caffeine on liver ROS in the rats (n ¼ 3 each). Each value is displayed as the mean AE SEM.
Ã p < 0:05 when compared to the 36% ethanol group.
caffeine in the tea alcohol. We found that our prepared tea alcohol significantly depressed O 2 À , H 2 O 2 and HOCl activity in vitro when compared to 36% alcohol alone. We further recognized that this effective antioxidative component in tea alcohol was primarily derived from the high content of catechins (690 mg/mL), and not from caffeine (200 mg/mL), because caffeine only displayed mild antioxidative activity toward O 2 À and H 2 O 2 , while having no effect on HOCl. We also found that the percentage and content of catechins and caffeine in our produced tea alcohol were stable and well maintained after 6 months (approximately 640 mg/mL in catechins and 194 mg/mL in caffeine).
Alcohol-induced hepatotoxicity is primarily dependent on the exacerbated ROS production which impairs the liver structure and function. 38, 39) The increased activity and expression of CYP2E1 in the microsomes of hepatocytes and of NADPH oxidase p47phox in hepatocytes, stellate cells and Kupffer cells has been frequently reported to promote ROS formation in alcohol-induced liver injury. [12] [13] [14] [15] [16] 19, 40) Ethanol via its toxicity has overexpressed CYP2E1in HepG2 cells, leading to mitochondrial dysfunction 41) and increased mitochondrial susceptibility to alcohol cytotoxicity. 42) On the other hand, Kupffer cell activation extends toxic injury by the increased level of ROS originating from NADPH oxidase, cytokines, and chemokines which induce neutrophil extravasation and activation. 43) Ethanol has enhanced lipid peroxidation, H 2 O 2 and O 2 À release, NADPH oxidase activity, and the TNF-level in activated Kupffer cells. 44) NADPH oxidase-derived ROS is recognized to be the key oxidant in alcoholic liver injury 15, 45) and to activate ERK1/2 signaling to produce TNF-in Kupffer cells after chronic ethanol ingestion. 20) Our results show that alcohol gavage increased 4-HNE accumulation in the centrilobular and zone 1 to zone 3 of the mid zonal regions, where hepatocytes and Kupffer cells are co-localized by the oxidative stress. This data is similar to previous findings that more intense stains of iNOS and nitrotyrosine have been found in the centrilobular areas of alcoholic liver. 34, 46) The results of this present study provide consistent evidenced that 30 d of 36% alcohol gavage increased the liver and bile ROS levels, Kupffer cell infiltration, 4-HNE staining, and CYP2E1 and NADPH oxidase p47phox protein expression, subsequently con- tributing to alcoholic liver disease. The progression of alcoholic liver disease involves the early appearance of alcoholic steatosis 1, 4) and subsequent alcoholic hepatitis and cirrhosis. 2, 4) Ethanolinduced hepatosteatosis could be caused by the inhibition of fatty acid oxidation and the enhancement of lipogenesis. An increased triglyceride content in alcohol-treated hepatocytes has resulted from the inhibition of fatty acid oxidation.
47) The overexpression of SREBP-1c in lipogenesis has increased cholesteryl esters and triglyceride accumulation and fatty acid synthesis in transgenic animals with fatty liver. 6, 48) The overexpression of FAS has promoted fatty acid synthesis and lipogenesis. [48] [49] [50] A previous study has also clarified that feeding ethanol in micropigs increased the expression of such lipogenic enzymes as SREBP-1c, FAS, acetyl-CoA carboxylase and stearoyl-CoA desaturase.
49)
The results from our animal model show both increases in SREBP-1c and FAS protein expression associated with increased lipid accumulation and triglyceride content in the liver after 30 d of 36% alcohol gavage. Alcohol gavage for 30 d increased fat deposition (microvesicular and macrovesicular lipid droplets) in the centrilobular and mid-zonal regions of the liver lobules.
In correlation with the oxidative stress, 4-HNE staining was almost co-localized with the lipid droplets, Kupffer cells and affected hepatocytes in the alcoholic liver. Decreased alcohol-induced oxidative stress is accompanied with the reduced severity of hepatic steatosis. 38, 39) Whether oxidative stress may directly affect the activity or expression of lipogenic enzymes like SREBP-1c and FAS requires further study to be determined. Based on these findings and information, finding a drug or supplement that can reduce alcohol-induced ROS production and lipogenesis is a critical strategy to attenuate alcoholic liver injury. Many efforts have been made to reduce alcoholic liver injury. Decreasing SREBP-1c expression ameliorated the degree of alcoholic fatty liver, 6) while the concurrent administration of metadoxine and garlic oil efficaciously abrogated fat accumulation and CYP2E1 induction. 47) Knockout NADPH oxidase p47(phox) suppressed the alcoholenhanced ROS production, NF-B activation, TNFmRNA up-regulation and liver injury. 15) Glutathione has decreased CYP2E1-dependent oxidative stress, cytotoxicity and mitochondrial injury. 41) Traditional herbs like green tea, Paochung tea and Pu-erh tea are being widely used in Taiwan as sources for functional beverages, dietary supplements and functional foods. A green tea supplement has attenuated ethanol-induced alterations in the biochemical and electric properties of rat hepatocytes. 51) While Pu-erh tea via its major components including catechins, caffeine and theanine has suppressed FAS expression in HepG2 cells and decreased the levels of triacylglycerol and total cholesterol through down-regulation of the PI3K/AKt and JNK signaling pathways. 7) Catechins, the most abundant ingredient found in a Paochung tea extract, has depressed several types of ROS and lipid peroxidation, [23] [24] [25] [26] [27] and effectively decreased ROS-enhanced pro-inflammatory NF-B and activator protein-1 activity and apoptotic cell death. 26, 29) Supplementation with green tea has increased the HDLcholesterol/total-cholesterol ratio, decreased the atherogenic index level, and inhibited the lipogentic enzyme activity in hepatic and adipose tissue. 30, 31) Caffeine is the second major component in the green tea extract. Although our data indicate that caffeine at 200 mg/mL in 36% alcohol did not efficiently reduce ROS like catechins, another report has demonstrated that caffeine decreased the hepatic mRNA expression of SREBP-1c and FAS genes, while it had no effect on hepatic CYP2E1 protein expression and activity. 33) A caffeine supplement has significantly depressed the alcoholinduced oxidative stress, inflammation, hepatosteatosis, serum aminotransferase enzyme level and hepatic cell damage in mice. 33) One of its protective mechanisms was caffeine that inhibited the high level of ROS and TNF-production in isolated Kupffer cells of alcoholtreated mice. 33) These reports reveal that catechins and caffeine played a synergistic role in decreasing alcoholic liver injury through distinct mechanisms.
Catechins and caffeine are easily dissolved in alcohol and retain their stability in alcohol. Although one possibility for our prepared tea alcohol attenuating alcohol-induced hepatotoxicity is that the tea extract interfered with ethanol adsorption in the gastrointestinal tract, this hypothesis can be ruled out because there was no difference in the blood alcohol concentration between the 36% alcohol and tea alcohol treatments. We suggest that the high contents of catechins and caffeine were primarily responsible for the reduction in alcoholinduced hepatotoxicity. Our data indicate that the green tea leaf extract containing high levels of catechins and caffeine efficiently depressed the alcohol-induced oxidative stress, lipogenesis and inflammatory response in vivo. We used in the present study purified catechin alcohol and caffeine alcohol to delineate the respective protective mechanisms acting against alcoholic liver injury. We found that intravenous catechin alcohol and caffeine alcohol could suppress alcohol-induced liver ROS. These data imply that the functional ingredients of the green tea extract were catechins and caffeine in vivo. We finally suggest that tea liquor containing both natural catechins and caffeine may be more effective and easily available than purified catechin alcohol or caffeine alcohol to reduce alcoholic liver.
In conclusion, tea alcohol significantly decreased the alcohol-induced elevation of liver and bile ROS, CYP2E1 and NADPH oxidase p47phox protein expression, 4-HNE and ED-1 expression, triglyceride content, lipogenic enzyme (SREBP-1c and FAS) expression and ALT level in the liver. The combination of a catechin and caffeine treatment may provide a novel and protective strategy against alcoholic liver injury by attenuating oxidative stress, inflammatory response and lipogenesis.
